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© Composition comprising a thermoplastic resin and a ketone. 

© Aromatic carbonate polymer in admixture with an 
effective mold releasing amount of a ketone. 
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COMPOSITIONS 

BACKGROUND OF THE INVENTION 
Useful articles from various thermoplastic resins 
have been prepared from molds for many years. Injec- 
tion molding provides a convenient way for preparing 
various articles from thermoplastic resins, particu- 
5 larly objects of a relatively intricate nature. In 

order to injection mold articles in an economic manner 
the mold resident cycle time should be kept to a 
minimum. This shorter cycle time provides a shorter 
resin heat period with consequently less thermal damage 
10 to the resin itself and/or less thermal promoted inter- 
action between the resin and various additives present 
in the resin. In order to accomplish a release of the 
resin from the mold, various mold release agents have 
been found which provide for a release of the resin 
15 with lower ejection pressure. Such an agent should be 
chemically compatible with the resin as measured by the 
usual characteristics of the resin under normal condi- 
tions and heat treatments. 

Of the thermoplastic resins which find a mold 
20 release agent useful from time to time one of the most 
sensitive to chemical interaction is the polycarbon- 
ates. 
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A series of patents disclosing the use of carboxylic 
acid esters as mold release agents for polycarbonates 
Zl been recently issued, U.S. 4,065,436; 3,836, 499; 
4 131,575 and 3,784,595. Additionally carboxylic acid 
esters have been Known as plasticizers for polycarbon- 
ate in U.S. 3,186,961. Still further Japanese patent 
publication Uo. 47-41092 discloses various 
including butyl stearate and the natural product bees- 
wax as mold release agents for polycarbonate. 

A „ow class of mold release agents for thermo- 
plastic resins in general and aromatic carbonate 
polymers in particular has been discovered.- 
cmHtRY OP TEE INVENTION 
in accordance with the invention, there is a com- 
oosition comprising a thermoplastic resin in admixture 
"with an injection mold releasing effective amount of a 
ketone of the formula 

R]Sr2 1 
wherein Ri and R 2 are the same or different and are 
Selected from the group consisting of 1*1 of from one 
to about thirty-nine carbon atoms, inclusive, or 
alkenyl of from three to about thirty-nine carbon 
atoms, inclusive, with the provisos that: 

(1) Rl and R 2 are selected so that the ketone 
is substantially ncn-volatisable under molding condi- 

(2) the total number of carbon atoms is no more 
than about forty, 
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(3) the unsaturation of the alkenyl is not on a 
carbon atom alpha to the carbon atom bearing the 
oxygen. 

Examples of various thermoplastic resins which are 
within the invention include polycarbonates/ poly- 
esters, polysulfones, polyethersulf ones, polyamides, ' 
poly sulfides, polyacrylates, polyure thanes , polyole- 
fins, polyvinylhalides, acrylonitrile butadiene sty- 
rene, butadiene styrenes, methacrylate butadiene 
styrenes and the like and blends of the above with each 
other or a further thermoplastic resin.- The preferred 
thermoplastic resin is an aromatic carbonate polymer. 

Aromatic carbonate polymers are prepared in the 
conventional manner by reacting a dihydric phenol with 
a carbonate precursor in an interfacial polymerization 
process or transesterif ication. Typical of some of the 
dihydric phenols that may be employed in the practice 
of this invention are 2, 2-bis( 4-hydroxyphenyl) propane 
(bisphenol-A) , ( 2, 2-bis ( 4-hydroxy-3-methylphenyl) pro- 
pane , 4 , 4-bi s ( 4-hydroxyphenyl ) heptane , 2-2(3, 5,3' ,5' - 
tetrachloro-4 , 4 1 -dihydroxydi phenyl ) propane , 2 , 2- < 3 , 5 , 
3 1 , 5 * - tetrabromo-4 , 4 ' -dihydroxydi phenyl ) propane, ( 3 , 3 1 - 
dichloro-4, 4* -dihydroxyphenyl) methane, bis 4-hydroxy 
phenyl sulfone and bis 4-hydroxy phenyl sulfide. Other 
dihydric phenols of the bisphenol type are also avail- 
able and are disclosed in U.S. Patent Nos. 2,999,835; 
3,028, 36S and 3,334,154. Bisphenol-A is preferred. 

It is, of course, possible to employ two or more 
different dihydric phenols or a copolymer of a dihydric 
phenol with a glycol or with hydroxy or acid terminated 
polyester, or with a dibasic acid in the event a car- 
bonate copolymer or interpolymer rather than a homo- 
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polymer is desired for use in the prepare* on of the 
ariatio carbonate polymers o£ this invention. Also 
alloyed in the practice or this invention may be 
blends of any of the above materials to provide the 
aromatic carbonate polymer. 

The carbonate precursor may be either a carbonyl 
h ilia a carbonate ester or a haloformate. The car- 

hallo., which can be employed herein are carbonyl 
bromide, carbonyl chloride and .irtures 
Epical of the carbonate esters which may be 
herein are diphenyl carbonate, di-.halopheny , c«bon 
atas such as di(chlorophanyl) carbonate, dl-<bromo 
phenyl) carbonate, di-(trlchlorophenyl) carbonate, di 
f«fbrUphenyl» carbonate, etc., di-(el*ylphenyl. cer- 
, Late such as diUolyl, carbonate etc. , 

carbonate, di-(chloronaphthyl» carbonate, phenyl tolyl 
carbonate, chlorophenyl chloronaphthyl ^ 
cr mixtures thereof. The haloformates suitable for us. 
herein include bis-haloformates of dihydric 
0 (bl s-=hloroformates of hydr«,uinon.) , or glycols (bis 
haloformates of ethylene glycol, neopentyl glycol, 
Ethylene glycol, etc... while other carbonate pre- 
cursors will occur to those sallied in the art car 
bonyl chloride, also known as phosgene, is P" f «"*- 
The aromatic carbonate polymers of this invention 
"' may be prepared by employing a molecular weight regu- 
may oe p*> v _. fa1 _. t -The molecular 

lator, an acid acceptor and a catalyst. Tne 
weight regulators which can be employed in carrying out 
the process of this invention include monohydrxc 
30 phenols such as phenol, chroman-I, P™^ 1 *™^ 
Lenol, parabromophenol, primary and. secondary amxnes, 



etc. 
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A suitable acid acceptor may be either an organic 
or an inorganic acid acceptor. A suitable organic acid 
acceptor is a tertiary amine and includes such mate- 
rials as pyridine, triethylamine, dimethylaniline, 
5 tributylamine, etc. The inorganic acid acceptor may be 
one which can be either a hydroxide, a carbonate, a 
bicarbonate, or a phosphate or an alkali or alkaline 
earth metal. 

The catalysts which are employed herein can be any 

10 of the suitable catalysts that aid the polymerization 
of bisphenol-A with phosgene. Suitable catalysts 
include tertiary amines such as, for example, triethyl- 
amine, tripropylamine, N,N-dimethylaniline, quaternary 
ammonium compounds such as, for example, tetraethyl- 

15 ammonium bromide, cetyl triethyl ammonium bromide, 

tetra-n-heptyl-ammcnium iodide, tetra-n-propyl ammon-^ 
ium; bromide, tetramethylammonium chloride, tetra- 
methyl ammonium hydroxide, tetra-n-butylammonium 
iodide, benzyltrimethylammonium chloride and quaternary 

20 phosphonium compounds such as, for example, n-butyltri- 
phenyl phosphonium bromide and methyltriphenyl phos- 
phonium bromide. 

Also included herein are branched polymers wherein 
a polyfunctional aromatic compound is reacted with the 

25 dihydric phenol and carbonate precursor to provide a 
thermoplastic randomly branched polycarbonate polymer. 

These polyfunctional aromatic compounds contain at 
least three functional groups which are carboxyl, 
car boxy lie anhydride, haloformyl, hydroxy 1 (polyfunc- 

30 tional phenols) or mixtures thereof. Examples of these 
poly-functional aromatic compounds which may be em- 
ployed in the practice of this invention include: tri- 
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» e llitic- anhydride, trimeiXitic acid, tri»eiXityi tri- 
„eiXltic a * phthalic anhydride, pyroei- 

Utfc a id r-mtlc dianhydride, -llltle acid 
Utic acid, py ic aclo , benzophenonetetra- 

^^laetetracarboxylic anhydride 

1 ~TZ Xirl preferred PoXyrnnctionaX arctic 

ioii , or t - i \ h ^:^i;r r :t :::'c { a Uaear poxy- 
Also, included herein are 

10 - trriss: - —-—tea- 

are also copolyester-carbonates, that is the poly 

^ from Tdihydric phenol, a dibasic acid and a 
m er made from a dihydr P m covering 

20 tion are necewary. lnv entioa are 

™= -id release aoents of th» ^ 

ket ° n r ir^c ai M fn lla aor.nl and branched 
If*! 7° Z- Illustrative examples o £ aXfcyX g roup= 

4-t.butyXdodecyi. octadeeyX, 3,7 o» I 

beptacoaanyX, triacontyX. «~^" f £ on and 

Alkenyl as used throughout this specitxc 
cla i»s includes propenyi. 3-butenyX. 3-izobute* - . 
30 4-octenyX. 5-dodecenyX, cia-9-octad.=enyl, 3.5 
decen-3-yl. 4-tricoaanyl and the XHte. 
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Preferred compounds of Formula I have from about 16 
to about 30 carbon atoms , inclusivein R^ and R2« 
AlJcyl groups are generally preferred over alkenyl 
groups. Of the alkyl groups, normal alkyl is preferred 
over branched alkyl. Asymmetric ketones, for example, 
wherein Ri has one to six carbon atoms, inclusive, and 
R2 has a substantially greater number of carbon atoms, 
generally from about 14 to about 26 are also preferred. 

As mentioned previously the total number of carbon 
atoms should be such that the ketone is essentially 
non-volatizable at processing conditions. In order for 
the ketone to perform its function as a mold release 
agent it must be present in the polymer melt at pro- 
cessing temperature. When unsaturation is also present 
in the ketone, the unsaturation should not be on a 
carbon atom alpha to the carbon atom bearing the oxygen. 
When unsaturation is alpha to the carbon atom bearing 
the oxygen, degradation of the ketone can occur at 
processing conditions. 

An effective mold releasing amount of the ketone is 
employed in the thermoplastic composition. Any amount 
of ketone which reduces the amount of pressure needed to 
eject the article from the injection mold and obtain an 
unblemished article in comparison to the pressure needed 
to eject the thermoplastic composition control (i.e., no 
ketone) is an effective mold releasing amount. In 
general, effective amounts of the ketone are from about 
0.01 to about 2.0 weight percent, based on the quantity 
of thermoplastic resin present, preferably from about 
0.05 to about 0.5 weight percent. The ketone can be 
added to the resin in the normal manner that the other 
additives are added, for example, in the dry stage and 
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M «truded or in a solved ana melt extruded -it. the 

""""v. -Aditive. in common use in the thermoplastic 
Other additives in e^ple with respect 

r esins may also be employed Jo r « P ^ 
to aromatic polycarbonate, a ddit iv 

ta own to stabilise the «»» ^^J^, such a, 
phlt e can be ^^{s well as agents which 
epoxides may also be I J inhlbitors , ductility 

« e flame J reai stance enhancer. 

, enhancer "'""f^^ and various inert fillers. 

ultraviolet U * b \ St **"' ean „. nse d with passivating 

active fillers ana pigments can o 

agents and ""^^ o£ the invention corn- 

Below is a S P M1 " Bold Please agents. 

. 5 pound with control and oth« ^ ^ ^ 

T ne examples are «^*^° tag6S of the additives 

the inventive concept ^ ' ^ lc resi n. 

are in weight percent ^ 

In all the ensuing~^es «- "°- tiC ^f"" 
20 •! iesan* 140, a polymer produced by reacting 

ZZZZZ Pbosgene. The ^^JT, 
^'formulated into ^^Z* also present in 
weig ht percent un le th.™- ^ ^ 

25 the comrc-ition is u.u 
sta'oili2 er * 

EXAMPLE 2 

v. a 125 ton Cincinnati injection molding machine 
wlth I 4 ounce shot capacity -^^.TJ^. 
30 agents were tested. The mold used was a J ^ 

with a 1 1/2- «" »«' ht : " ! X « strain 
corners with one of the pins being attache 
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gauge transducers for measuring the part ejection 
pressure. The mold was designed with very little draft 
go that the part would tend to stick to the core unless 
mold release is used. To vary the amount of shrinkage 
on the core, the temperature of the stationary and 
moving mold halves could be varied. 

The molding conditions employed were those below: 
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Clamp Conditions: ^ 
Clamp Pressure psi/ton 

Melt Conditions: 544 
Hozzle, °F 547 
Front Zone, °? 
Middle Zone, °? 
Back Zone, °? 

Melt Temperature (measured), 0 ? 



541 
510 
570. 



Screw Conditions: 34 

RPM , 5/8 

Shot Size, inches 

15 injection 'Conditions: 

Injection Pressure, psi 
Injection Pressure Time, sec. 
Cushion, inches 
Injection Fill Time, sec. 



Hone 
2 



165 
115 



25 



Molding Conditions: ^ 
Cure Time, sec. 

Mold Temperature (Stationary) , °F 
Mold Temperature (Moving), 

Below are the values in pounds per square inch in 
arithmetic mean plus or minus two standard deviates. 
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MOLD RELEASE AGENT 



TABLE II 



EJECTOR PIN PRESSURE 
PSI 5 + 2/ FOR 10 SHOTS 



Control (no mold release agent) Pins punched through on 

first shot 



PETSi 

10 Trimethylol propane triester 
of C 20 /C 2 2 fatt Y acid 2 

Stearyl behenate3 
15 Stearyl stearone 4 



9,975 + 143 
8,560 + 78 

10,260 
8,035 + 196 



20 



1. Pentaerythritol tetrastearate 



2. Humko Semester TMP-22 



3. Henkel Loxiol G-47 



25 4. Witco stearone 
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The values from the above Tahle are significant 
Polycarbonate having >M, a commercially employed mold 
release agent ester retires a high amount o pressure 
to effect release from the mold. Various other 
aerials also require relatively high pressure to 
eiect the article from the mold. The most effective 
JZ release agent tested in this example as measured 
by ejector pin pressure is the stearyl stearone 
containing composition. 

EXAMPLE 3 

In a manner similar to Example 1 various ketones 
such as butyl stearone, propyl behenone and oleyl 
sterone are employed as mold release agents. Similar 

results should be obtained. 

EXAMPLE 4 

In a manner similar to sample 1 the stearyl 
stearone and the ketones of Example 3 are added to a 
-wester, polysulfone. poly.thersulfone, polyamrd., 
^ulftde! poly.cryl.te, polyurethane, polyolefin, 
Syvinylhalide. acrylonitrile butadiene styrene, 
hftadil styrene or methacrylate butadiene styrene. 
Similar mold release results should be obtained. 



• # 
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WHAT IS CLAIMED IS: 

1. A composition comprising a thermoplastic resin 
in admixture with an injection mold releasing effective 
amount of a ketone of the formula 

R1CR2 

wherein Ri and R2 are the same or different and are 
selected from the group consisting of alkyl of from one 
to about thirty-nine carbon atoms, inclusive, or 
alkenyl of from three to about thirty-nine carbon atoms, 
inclusive, with the provisos that: 

(1) Ri and R2 are selected so that the ketone 
is substantially non-volatizable under molding 
conditions, 

(2) the total number of carbon atoms is no more 

than about forty, 

(3) the unsaturation of the alkenyl is not on a 
carbon atom alpha to the carbon atom bearing the 
oxygen. 

2. A composition in accordance with claim 1 where- 
in the thermoplastic. resin is polyester, polysulfone, 
polyethersulfone, polyamide, polysulfide, polyacrylate, 
polyurethane, polyvinylhalide, acrylonitrile butadiene 
styrene, butadiene styrene, or methacrylate butadiene 
styrene. 

3. A composition in accordance with claim 2 where- 
in Ri and R2 have from about 16 to about 30 carbon 
atoms. 

4. A composition in accordance with claim 3 where- 
in R]_ and R2 are alkyl. 
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5. A composition in accordance with claim 4 where- 
in alkyl is normal. 

6. A composition in accordance with claim 5 where- 
in Ri is from one to about six carbon atoms , inclu- 

5 sive, and R 2 is from about 14 to about 26 carbon 
atoms r inclusive. 

7. A composition in accordance with claim 5 

wherein Ri and R2 are stearyl. 

8. A composition in accordance with claims 1, 

10 wherein the thermoplastic resin is an aromatic carbonate 
polymer . 

9. A composition in accordance with claim 8 
wherein R^ and R 2 have from about 16 to about 30 
carbon atoms , inclusive. 

-15 10. A composition in accordance with claim 9 

wherein R x and R 2 are alkyl. 

11. A composition in accordance with claim 10 
wherein Ri and R 2 are alkyl. 

12. A composition in accordance with claim 11 
20 wherein Ri is from one to about six carbon atoms, 

inclusive, and R 2 is from about 14 to about 26 carbon 
atoms , inclusive . 

13. A composition in accordance with claim 11 

wherein Ri and R 2 are stearyl. 
25 14. A composition in accordance with claims 9, 10 

or 12 wherein the aromatic carbonate polymer is derived 

from bisphenol-A and a carbonate precursor. 

15. A composition in accordance with claims 4 or 

10 wherein the quantity of ketone is from about 0.01 to 
30 2.0 weight percent of thermoplastic resin. 
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